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Monday, February 9, 2015 179asignaling’’, depends on NOX2 (NADPH oxidase) to generate reactive oxygen
species (ROS), which appears to oxidize ryanodine receptors (SR Ca2þ release
channels) and increases their sensitivity to [Ca2þ]i . Stretch mediates X-ROS
signaling through microtubules, which appear to interact with NOX2 to enable
it to generate ROS.
We evaluated X-ROS signaling in murine atrial myocytes (C57/B6). Ca2þ
sparks were recorded before and after stretch (10-20% of cell length). Ca2þ
spark frequency increased during stretch and returned to pre-stretch values dur-
ing relaxation. Interestingly, microtubule density was higher and protein
expression levels were increased in murine atria compared to ventricles
(Fig 1 A). Similarly, protein expression levels of the catalytic NOX2 subunit
gp91phox were higher in atria compared to ventricles (Fig 1 A). Inhibition
of gp91phox with the inhibitory peptide gp91ds-tat prevented stretch-induced
Ca2þ spark increases in atrial myocytes (Fig 1 B). Thus, X-ROS signaling is
also operative in atrial myocytes.
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Genetically encoded calcium indicators (GECIs) have recently undergone
dramatic improvements in brightness, dynamic range, kinetics, and calcium
sensitivity and now are capable of reporting single neuronal action potentials -
comparing favorably to synthetic calcium dyes. Nevertheless, GECIs still lag
behind synthetic calcium dyes in applications requiring quantitation of absolute
intracellular calcium concentration. Here, we describe a novel approach to
achieve dual-color ratiometric calcium measurements.
When expressed individually, GCaMP and mCherry, respectively, exhibit
calcium-dependent and -independent fluorescence intensities; and when pre-
sent at the same level, their fluorescence intensity ratio should provide an
estimate of absolute calcium concentration. Unfortunately, the two proteins
do not always express equally in all locations in a cell. A simple tandem
construct ensures equal levels everywhere of the two proteins, but non-
radiative energy transfer from GCaMP to mCherry reduces the dynamic range
of GCaMP signals and leads to apparent calcium-dependent fluorescence
changes of mCherry. We introduced a rigid alpha helix, the ER/K helix, be-
tween the fluorophores, in order to prevent significant Fo¨rster resonance energy
transfer (FRET). In parallel experiments, we demonstrated in vitro and in cel-
lulo that the tandem GCaMP-ER/K-mCherry construct provides quantitative
estimates of calcium concentration, without suffering reduction in dynamic
range due to FRET activity.Platform: Cell Mechanics, Mechanosensing, and
Motility I
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Cell-cell adhesive contact is a central player in mechanotransduction,
providing both mechanical support and a hub for signaling. Yet, the molecular
mechanism is poorly defined, partly due to a lack of cell culture model to me-
chanically manipulate tension at cell-cell contacts. Here, using live cell imag-
ing of a-actinin, we showed that MDCK cells exhibit many cellular behaviors
of epithelial cells in vivo, including (1) oscillating contractility of the adherens
junction, (2) pulsatile centripetal cellular contractions, and (3) ratchet constric-
tions of apical junctional domain. We hypothesized that pulsatile contractions
participate in the maturation of junctional complexes. To test our hypothesis,
we applied cyclic pulsatile tension to cell-cell contacts in confluent cell
monolayers. We found that pulsatile intercellular tension induces recruitment
of a-actinin-4 to the adherens junction in a time and tension-dependent manner
without changing the localization of canonical adherens junction proteins, sug-
gesting that a missing factor is involved. We have identified this missing factor
as synaptopodin. Synaptopodin recruitment to the adherens junction is also
tension-sensitive, which is necessary for generation of contractility at cell-
cell adhesions. Recruitment of a-actinin-4 strengthens cell-cell adhesion and
promote epithelial permeability barrier. Thus, by controlling the mechanical
force generated through apical contractility, epithelial cells can adjust thestrength of cell-cell adhesion and the maturation process of adherens junction
maturation. Conversely, synaptopodin dictates the efficiency of mechanical-
biochemical coupling between contractility and junction assembly through
the recruitment of a-actinin-4. Our studies reveal a tunable molecular system
with both mechanical and biochemical inputs and underscore the complexity
of junction assembly in epithelial monolayers in vivo and in cultured cell
systems.
902-Plat
Two Distinct Actin Networks Mediate Traction Oscillations to Confer
Mechanosensitivity of Focal Adhesions
Zhanghan Wu, Sergey V. Plotnikov, Clare M. Waterman, Jian Liu.
NHLBI, National Institutes of Health, Bethesda, MD, USA.
Adherent cells actively sense the mechanical stiffness of their extracellular
matrix (ECM) by exerting traction force through focal adhesions (FAs), which
are integrin-based protein assemblies. Also, FAs control cell spreading,
proliferation, survival, differentiation, and migration. FA-mediated mechano-
sensation underlies cell durotaxis - the tendency of most cell types to migrate
toward stiffer microenvironment. Strikingly, FA-mediated traction forces
oscillate in time and space, and this oscillation governs durotaxis. The inter-
actions underlying this intriguing spatio-temporal pattern of FA traction
force are unknown, as are the contributions of these interactions to this
mechanosensation. To address these questions, we established the first
coherent, experimentally validated model of FA formation. The model inte-
grated the spatiotemporal coordination between a branched actin network
and stress fibers during FA growth. Our model predicted that retrograde
flux of branched actin network contributed to a traction peak near the FA
distal tip and that stress fiber-mediated actomyosin contractility generated a
second traction peak near the FA center. Furthermore, a negative feedback
loop involving formin-mediated stress fiber elongation and actomyosin
contractility developed and resulted in oscillation of the center traction
peak. This oscillation competed with the distal traction peak, and the compe-
tition underpinned oscillation of the FA traction maximum in time and space.
More importantly, this negative feedback loop broadened the substrate stiff-
ness range, over which the FAs could accurately adapt with traction force gen-
eration. Our findings shed light on the fundamental mechanism of FA
mechanosensation and durotaxis.
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Shaping, maintenance and repair of adult tissues require fine-tuning of cell-cell
adhesion. a-catenin, a cytoplasmic adapter links the actin cytoskeleton to cell-
cell junctions, plays a central role in regulation of the cell-cell adherence. This
regulation requires binding of a-catenin to vinculin in a force dependent
manner. By stretching single a-catenin construct using magnetic tweezers,
we find that force in physiological range can expose the vinculin-binding sites
buried in a-catenin, drastically promoting subsequent binding of the head
domain of vinculin with a nanoMolar affinity. The bound vinculin head then
irreversibly locks a-catenin in its unfolded conformations after force is
released. The bound vinculin head can however be displaced at high forces
> 30 pN, resulting in a biphasic force dependent binding of a-catenin to vin-
culin head. Further, we find that full-length vinculin also binds to mechanically
unfolded a-catenin, implying release of the auto-inhibition conformation of
full-length vinculin. Together, these results provide important insights into me-
chanosensing at cell-cell adherence.
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Actin couples molecular motors to extracellular adhesions and its turnover reg-
ulates cell polarization and protrusion efficiency. Actin filament turnover is
regulated by polymerization and depolymerization at the ends, which is
increased by severing filaments internally. To determine how these reactions
affect F-actin turnover rate we simulated the molecular mechanisms revealed
by experiments and determined the ODEs for changes in the average filament
length and number of filaments that determine total F-actin. These results
180a Monday, February 9, 2015reveal the conditions that end dynamics and severing strongly cooperate to in-
crease actin turnover and steady-state behavior. Although the molecular rate
constants that regulate actin turnover have been measured in vitro in the pres-
ence of various actin regulatory proteins these constants are still unknown in
vivo for most cell processes regulated by actin turnover. Importantly, these
constants that regulate actin turnover at the leading edge of migrating cells
remain unknown. Therefore, we modeled actin turnover as a system of these
molecular mechanisms at the leading edge to investigate how actin distribu-
tions emerge and actin dynamics are regulated by migrating U251 glioma cells.
We used the model to fit leading edge actin distributions of cells transfected
with GFP-actin and aligned on one-dimensional tracks using model convolu-
tion microscopy. Best fits of the model yield estimates of the molecular
rate constants that regulate actin turnover in vivo. We then correlated the mo-
lecular rates with the velocities of actin-network retrograde flow, cell protru-
sion and cell displacement of expanding, contracting and migrating cells.
The quantitative analyses of our model provide in vivo estimates for the
molecular rate constants that regulate actin turnover at the leading edge of cells
and presents insights into the molecular mechanisms that regulate actin-based
cell migration.
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Cells have a remarkable ability to sense and respond to their mechanical
environment; this ability directs a host of cellular and global processes,
such as metastasis, engulfment, blood vessel constriction, and tissue develop-
ment. However, the direct mechanism by which the dynamic network of
actin filaments, myosin motors, and actin crosslinking proteins assemble
and interact to exert force on the membrane in response to mechanical
perturbations remains unclear. Here, we define the in vivo kinetics of 20
cytoskeletal and signaling proteins in response an applied external stress
and identify a number of structural elements that accumulate to regions of
the cell under shear or dilational forces. Prominent among these are the
three non-muscle myosin II paralogs, the actin bundling protein a-actinin 4,
and the orthogonal actin crosslinking protein filamin B. All three myosin
paralogs, as well as a-actinin 4, accumulate to the tip region of the aspirated
cell, which experiences primarily dilational force. Filamin B, however,
accumulates to the tip and the neck region, demonstrating that it responds
to both sheared and dilated microenvironments. These differences can be
directly related to the actin binding geometries and distinct mechanism of
force response for each protein. In support of a proposed model for an
increased actin affinity state under load, a disease-relevant point mutation
K255E in a-actinin 4, which abolishes the structural low affinity state, greatly
slows its accumulation kinetics to dilational stress. The accumulation of cyto-
skeletal motors and crosslinking proteins under mechanical load represents a
mechanism by which cells can concentrate structural components to reduce
strain or retract from a local environment of high stress. Understanding
how cortical protein dynamics intrinsically give rise to the self-tuning nature
of the cell will offer insight into the nature of mechanically-dependent cell
processes.
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Centrosomes are the major microtubule organizing centers of animal cells and
play a critical role to organize the bipolar mitotic spindle and orchestrate the
segregation of the genetic material. A prerequisite for proper spindle assembly
is the separation of the two centrosomes during early prophase, along the sur-
face of the nucleus.
The tetrameric microtubule-dependent plus-end directed motor kinesin-5 pro-
motes centrosome separation and bipolar spindle assembly in several systems.
However, in some species, including C. elegans and Dictostelium, kinesin-5 is
dispensable for bipolar spindle assembly. Moreover, other motors can drive
centrosome separation. For example, the minus-end directed motor dynein is
necessary for centrosome separation in C. elegans andDrosophila, and contrib-
utes to this process in human cellsDespite important progress in the comprehension of the mechanisms driving
centrosome separation, how they work in time and space is not fully
understood.
To address this question, we have dissected centrosome separation in the
C. elegans one-cell stage embryo. We have measured and modeled centrosome
separation using a combination of 3D fluorescence time-lapse microscopy, im-
age processing and mathematical modeling. By comparing wild-type and
mutant/RNAi conditions, we have demonstrated that pronuclear and cortical
dynein motors act in a redundant manner to drive centrosome separation. More-
over, we have revealed that cortical actomyosin contractions power this process
by pulling along cortical dynein. To quantitatively assess the validity of our
working model and consider different scenarios, we have performed a compu-
tational model of centrosome separation using the cytoskeleton simulation
engine Cytosim. The simulation predicts the correct behavior for wild-type
and mutant/RNAi conditions, showing that our model can quantitatively
explain centrosome separation in a developing organism.
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The generation and coordination of cellular traction forces plays important
roles in cell adhesion, cell migration, and extracellular matrix (ECM) remod-
eling, and hence in the development and repair of biological tissues. Histori-
cally, models for how cells generate and sense mechanical force have been
derived from observations of cells grown on hard, two-dimensional (2D) sur-
faces. However, the cytoskeletal geometry of cells embedded in porous, 3D
environments is inherently different than those found in 2D. Here we seek
to understand the spatio-temporal regulation of cellular traction forces in a
3D environment. We embed primary human fibroblasts in a fluorescently
labeled fibrin matrix, and use multicolor, time-lapse confocal microscopy to
simultaneously image matrix deformation induced by cellular traction and
the dynamics of the acto-myosin cytoskeleton and paxillin-rich cell-matrix
adhesions. We observe significant traction forces transduced to the matrix
through dynamic actomyosin-rich protrusions. Flux analysis of myosin con-
centrations in the protrusions reveals recruitment of myosin towards the
protrusion tip during extension, and localization of myosin farther from the
tip during retraction. Moreover, we observe both retrograde and anterograde
movement of F-actin and myosin during cell traction generation, as well as
similar bi-directional dynamics for paxillin-rich adhesions. Our data suggests
a model of force generation and mechanotransduction different from the
canonical continuous lamellipodial retrograde flow implicated in 2D cell
migration. Ongoing work examines the role of signal transduction pathways
in regulating cellular force generation, with the end goal of understanding
how cells couple force generation and mechanotransduction in fully 3D
environments.
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A macrophage engulfs another cell or foreign particle in an adhesive process
that often activates Myosin-II, unless the macrophage also engages ‘Marker
of Self’ CD47 that inhibits Myosin. Adhesion processes of many cell types
also activate Myosin and increasingly so on rigid substrates. Here we demon-
strate that the rigidity of a phagocytosed RBC hyperactivates Myosin to over-
whelm ‘Self’ signaling to macrophages. RBC stiffness is one among many
factors, including shape, that change in senescence, some anemias, and dis-
eases such as malaria. Controlled stiffening of normal human RBCs in different
shapes did not compromise interactions of CD47 on RBCs with the macro-
phage ‘Self’-recognition receptor, SIRPa. Uptake of antibody-opsonized
RBC was always fastest with rigid RBC-Discocytes, which also showed
maximal active Myosin at the phagocytic synapse that biophysically out-
competed ‘Self’ signaling by CD47. Rigid but more rounded RBC-
Stomatocytes signaled ‘Self’ moreso than rigid RBC-Discocytes, highlighting
the effects of shape. Physical properties of phagocytic targets can thus
modulate ‘Self’ signaling as seems relevant to splenic clearance of rigid red
cells after storage or clearance of rigid pathological cells such as sickle and
thalassemic red cells.
